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Abstract 
The perspective of superconductivity to transfer currents without loss is very appealing in high power applications. In 
the maritime sector many machines and systems exist in the roughly 1-100 MW range and the losses are well over 
50%, which calls for dramatic efficiency improvements. This paper reports on three studies that aimed at the 
perspectives of superconductivity in the maritime sector. It is important to realize that the introduction of 
superconductivity comprises two technology transitions namely firstly electrification i.e. the transition from 
mechanical drives to electric drives and secondly the transition from normal to superconductive electrical machinery. 
It is concluded that superconductivity does reduce losses, but its impact on the total energy chain is of little 
significance compared to the investments and the risk of introducing a very promising but as yet not proven 
technology in the harsh maritime environment. The main reason of the little impact is that the largest losses are 
imposed on the system by the fossil fueled generators as prime movers that generate the electricity through 
mechanical torque. Unless electric power is supplied by an efficient and reliable technology that does not involve 
mechanical torque with the present losses both normal as well as superconductive electrification of the propulsion 
will hardly improve energy efficiency or may even reduce it. One exception may be the application of degaussing 
coils. Still appealing merits of superconductivity do exist, but they are rather related to the behavior of 
superconductive machines and strong magnetic fields and consequently reduction in volume and mass of machinery 
or (sometimes radically) better performance. The merits are rather convenience, design flexibility as well as novel 
applications and capabilities which together yield more adequate systems. These may yield lower operational costs in 
the long run, but at present the added value of superconductivity rather seems more adequate than cheaper systems.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
As its name implies superconductivity was discovered by its loss of resistance and consequently its 
extremely high current density [1]. Though Onnes did recognize the possibilities for developing strong 
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magnets from the very beginning, the phenomenon of superconductivity is widely known to prevent 
Ohmic losses. Business cases for successful applications in high energy and power applications seem 
appealing. This paper explores the merits of superconductivity in the maritime sector and mainly focuses 
on energy efficiency, some characteristics and the design flexibility. 
1.1. Energy chains 
In the maritime sector many machines and systems exist in the roughly 1-100 MW range and the 
losses are well over 50%. Such efficiencies call for dramatic efficiency improvements. Typical energy 
chains are shown in Figure 1, 2 and 3. The efficiencies of the chains will vary with the load. The vast 
majority of sea going ships are powered by fossil fueled engines. The vast majority among them also 
employ a diesel mechanical (DM) propulsion line (Fig. 1). All Electric Ship (AES) are found among e.g. 
cruise ships, navy ships, ferries and yachts. Nevertheless AES usually means Diesel Electric (DE) as the 
electric power is produced by diesel generators onboard, except for a few nuclear powered naval ship 
such as aircraft carriers and submarines. High Temperature Superconductive (HTS) propulsion would be 
Diesel HTS Electric (DHE) or Nuclear HTS Electric (NHE). Here the focus is on diesel prime movers.
Fig. 1. Energy chain of DM propulsion (a) above: chain for main propulsion; (b) below: chain for service load and bow thrusters 
Fig. 2. Energy chain of DE propulsion 
Fig. 3. Energy chain of DHE propulsion 
The figures show that all drive trains include a prime mover. The present paper focuses on the vast 
majority of ships i.e. employ diesel prime movers, so AES with DE and DHE. These are fueled not only 
with diesel but commonly by cheap heavy oil fuels (HFO) [2]. An advantage of fuel oils is a high energy 
density (cf. Table 1), which is typically two orders of magnitude larger than that of batteries. These fuels 
also have a low flammability which is an important argument for NATO navies for using diesel engines. 
As space and weight are important entities and the bunkered fuel may run into thousands of tons, the 
energy loss at electric power generation easily compensates for the otherwise extra volume of required 
batteries. As a consequence, only short distance sailing ships may take advantage of battery power, but 
sea going AES will normally rather generate electric power onboard than store electric shore power.  
prime mover gear box shaft trailing shaft propulsion 
prime mover generator transformer electric power supply
converter electric motor gearbox shaft propulsion 
prime mover generator transformer electric power supply
converter electric motor shaft propulsion 
prime mover generator transformer electric power supply
 R. Ross et al. /  Physics Procedia  36 ( 2012 )  985 – 988 987
Table 1. Density of energy carriers (typical values). As batteries energy densities vary strongly with their design a band width of 
25%-50% may be maintained around their values. 
Characteristics  Diesel Li-ion battery NiMh battery NiCd battery Lead-Acid battery 
Energy density (kWh/ton) 12000 200 55 50 35 
Energy density (kWh/m3) 10000 305 230 100 65 
1.2. Impact on fuel efficiency 
From Figures 1-3 it follows that the efficiency of DE and DHE propulsion is not to be compared with 
that of diesel engines, but rather with the type of diesel engine, shaft, gearbox and propeller. In order to 
study the impact of DE and DHE versus DM the energy and power chains of two naval vessels were 
analyzed. Part of this work was reported in [2]. The ships concerned a Landing Platform Dock (LPD) and 
an Ocean going Patrol Vessel (OPV). All components in the energy chains were simulated with load 
sensitive models. To study the mere effect of the energy chains the hulls of both ships were kept constant. 
Evaluation of the total propulsion chain made clear that at nominal (and higher) load DM appeared the 
most energy efficient drive train as shown in Table 2 and below. Arguably the efficiency of the normal 
and the HTS motors were taken 97% at nominal load. However, a higher efficiency of the HTS motor of 
e.g. 98% or 99% does not change the overall picture. 
Table 2. Energy efficiencies at nominal load. Both normal and HTS electromotor efficiency was taken 97%. Service load or hotel 
load concerns the electric power for all electric equipment other than propulsion and has the same efficiency for DM, DE and DHE. 
Component  prime mover gearbox shaft generator transformer converter electromotor total 
service load 98%   97% 98.5%   95.5% 
DM propulsion 98% 96% 98%     94% 
DE propulsion 98% 98% 98% 97% 98.5% 99% 97% 88% 
DHE propulsion 98%  98% 97% 98.5% 99% 97% 90% 
Furthermore specified and monitored (only LPD) sailing profiles were used to calculate the fuel 
consumption for each of the chains depicted in Figures 1-3. Figure 4 shows the results for both ships. It is 
noteworthy that despite the additional energy conversions DE and DHE appear more efficient in the low 
speed range. This is due to different optimizations like integration of propulsion and service load with DE 
and DHE in one power system and the choice of prime mover and propeller with DM (controllable pitch). 
Fig. 4. Fuel consumption as function of speed. The overall energy efficiency depends on the exact speed mix. 
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The sailing profile is a mix of speeds. Fast sailing ships will be most efficient with DM, whereas a 
profile dominated by low speed will favor DE and DHE. The actual OPV employs hybrid propulsion for 
that reason. The decreasing order of efficiency for the LPD and OPV profiles was: DHE, DM, DE. The 
difference between the highest and lowest efficiency typically remained within a mere 3%. Other issues 
have a much larger impact on fuel consumption such as speed and using shore power supply. 
2. Discussion of merits 
As the vast majority of ships employ DM (close to DHE in overall efficiency) energy saving does not 
make a strong business case for DHE propulsion even if a HTS machine would reach a 100% efficiency. 
Other considerations may build a stronger case. It is worthwhile to recognize that a transition of DM to 
DHE systems consist of two transitions: DM to DE and DE to DHE. Each transition comes with its 
specific pros, cons and opportunities. As the efficiency difference between DHE and DE was the larger, 
an argument in favor of DE may be even stronger for DHE. Table 3 shows the present considerations.  
Table 3. Considerations with both transitions. 
Transition  DM to DE DE to DHE 
advantages • design flexibility 
• noise and vibration 
reduction / elimination 
• mass reduction 
• volume reduction 
• higher efficiency 
concerns • high power / voltage 
• little less efficient 
• cooling technology 
• high current 
new possibilities • pods 
• power integration 
• magnetic gearbox 
• efficient degaussing 
• new machinery: FCL, SMES, 
sensitive electronics, shielding 
Superconductivity provides a considerable design flexibility and potentially new machinery that can be 
brought into a ship. DE already allowed the freedom to separate prime mover and shaft, but DHE gives 
even more freedom due to reduction in size and volume. DHE is also considered for cost effective and 
energy efficient degaussing with possibly more flexible design.  
Some concerns exist: DE brought high power and voltage (medium voltage) to the distribution system, 
DHE will bring high currents. The motions at sea and salty environment may be more demanding than 
land-installations, but the DHE equipment must be at least as reliable as present systems. HTS must have 
sufficient cold storage. Smaller HTS machinery may come where even normal electrical machinery 
would not be possible. The merits of Table 3 may all yield lower operational costs in the long run, but at 
present the added value of superconductivity rather seems more adequate than cheaper systems. 
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